Lung cancer accounts for about 14% of all cancer diagnoses and is the most common cause of death from cancer worldwide (American Cancer Society, 2016; Ferlay et al., 2013; Siegel, Miller, & Jemal, 2016) . Given the high symptom burden and low survivability of the disease, it is not surprising that lung cancer patients and their spouses experience poor mental health (Haun et al., 2014; Liao, Shun, Liao, Yang, & Lai, 2014; Manne, Badr, & Kashy, 2012; Milbury, Badr, & Carmack, 2012; Mosher, Given, & Ostroff, 2015) . Indeed, some cancer research has found mental health to be poorest among lung cancer patients (Zabora, Brintzenhofeszoc, Curbow, Hooker, & Piantadosi, 2001) . Nevertheless, there is a dearth of research that has explicitly focused on the mental health of lung cancer couples using appropriate couple-level analyses. Notable exceptions have highlighted the vulnerability of lung cancer couples and the important roles of relationship quality and relationship maintenance behaviors to promote mental health (Badr, Acitelli, & Carmack Taylor, 2008; Badr, Smith, Goldstein, Gomez, & Redd, 2015; Milbury et al., 2012) . The current study aims to address this gap by examining the roles of dyadic appraisal and dyadic coping on the mental health of couples with lung cancer.
The developmental-contextual model of couples coping with illness proposes that couples work together as a unit to appraise, cope, and adjust to the illness experience over time (Berg & Upchurch, 2007) . An explicit strength of the model is that it moves beyond an individualistic approach to focus on the transactional nature of how patients and spouses influence each other (i.e., cross-spouse effects), and acknowledges the important roles that dyadic (shared) appraisal and dyadic coping strategies play in both members. The model purports that the appraisal, coping, and adjustment processes may differ depending on the developmental stage of the couple (e.g., middle-aged vs. older), namely how normative and "expected" the illness is for the couple, as well as the various stages of the illness trajectory (e.g., early vs. late-stage disease). Finally, the framework includes proximal and distal contextual risk factors (e.g., relationship quality and gender; see Figure 1 ).
Dyadic Appraisal
Dyadic appraisal is conceptualized as dyadic (shared) illness representation, illness ownership (an "ours" vs. "mine" approach), or shared stressors (Berg & Upchurch, 2007) . Patients and spouses who share similar appraisals of the illness context have been found to experience better dyadic adjustment (Acitelli & Badr, 2005; Cremeans-Smith et al., 2003; Li & Loke, 2014; Retrum, Nowels, & Bekelman, 2013) . One important way that patients and spouses may appraise the illness context similarly or differently is in relation to patient symptoms. Indeed, Berg and Upchurch (2007) outline the need for a dyadic perspective of illness representation as one way to understand the complex role of incongruent symptom perceptions within couples, citing inconsistent evidence regarding whether incongruent symptom perceptions (within couples) always lead to poorer dyadic adjustment. Shared recognition and perception of symptoms are thought to optimize the couple's ability to jointly manage illness and lead to better outcomes (Li & Loke, 2014) , but the context (e.g., gender, stage of disease) surrounding disparate appraisals (e.g., patient rating severity lower than a spouse) may alter the beneficial effects for Source. Berg and Upchurch (2007). patients and their spouses. Without moving beyond an individualistic approach to a dyadic perspective of this unique family unit, it is not possible to fully understand the complexity of how patients and their spouses converge or diverge in their appraisals, nor the implications of such similarity or differences for the couple.
Lung cancer patients have been found to experience significantly more symptoms and greater symptom severity than other cancer patients (Stommel, Kurtz, Kurtz, Given, & Given, 2004) . Pain and fatigue are among the most distressing symptoms for lung cancer patients (Broberger, Tishelman, & von Essen, 2005; Oi-Ling, Man-Wah, & Kam-Hung, 2005; Tishelman et al., 2005) and also among the most challenging for spouses to recognize (Broberger et al., 2005; Lyons, Lee, et al., 2014; McPherson & Addington-Hall, 2003) . Higher levels of incongruence between patient and spouse regarding patient symptoms may impair the ability of the couple to collaborate and manage the illness together (Acitelli & Badr, 2005; Berg & Upchurch, 2007; Li & Loke, 2014) , and given the rapid downward trajectory in lung cancer, can create clinical challenges (Zhang & Siminoff, 2003) . Indeed, exploratory evidence by the authors suggests that symptom incongruence can have negative consequences for spouse adjustment (McCarthy & Lyons, 2015) , including higher levels of complicated grief postbereavement (Lyons, Lee, et al., 2014) . Few studies of symptom incongruence have used comprehensive and appropriate dyadic methodologies, nor examined the role of symptom incongruence on the mental health of couples. The small body of work in the broader illness literature has found patient-spouse incongruence in perceptions of patient pain and fatigue to be associated with worse mental health in both patient and spouse (Cano, Johansen, & Franz, 2005; Cremeans-Smith et al., 2003) . Thus, the present study operationalizes dyadic appraisal as the incongruence between patient and spouse regarding the patient's pain severity and level of fatigue ( Figure 1 ). Berg and Upchurch (2007) conceptualize dyadic coping as a continuum of spousal involvement (e.g., uninvolved, supportive, collaborative, and control). Collaboration or active engagement encompasses open communication, joint problem solving, and mutual disclosures. Some evidence suggests that disclosures may only be beneficial when mutual or reciprocated (Manne et al., 2015; Manne et al., 2004) , or when cancer is more severe (Kuijer et al., 2000) . Alternatively, overprotection and control within couples often involve protective buffering (i.e., hiding, concealing worries). Patients experiencing illness tend to avoid communication in an attempt to protect their partner.
Dyadic Coping
This protective buffering has been associated with worse mental health in both cancer patients and spouses (Li & Loke, 2014; Manne et al., 2015; Morgan, Small, Donovan, Overcash, & McMillan, 2011; Robbins, Lopez, Weihs, & Mehl, 2014; Song et al., 2012; Traa, De Vries, Bodenmann, & Den Oudsten, 2015; Yu & Sherman, 2015) , increasing the need for open communication. The current study explores the concept of dyadic coping by examining the patient's engagement in protective buffering (Figure 1 ).
Dyadic Adjustment
Research has consistently found that both patients and spouses experience worse mental health as a result of the cancer experience (Kim et al., 2015; Milbury et al., 2012; Northouse, Williams, Given, & McCorkle, 2012; Zwahlen, Hagenbuch, Jenewein, Carley, & Buchi, 2011) . Indeed, patients and spouses experience significantly higher depressive symptoms, anxiety, and negative mood than age-matched controls (Costanzo, Ryff, & Singer, 2009; Haun et al., 2014; Mitchell, Ferguson, Gill, Paul, & Symonds, 2013) . Depressive symptoms and anxiety of cancer patients and spouses have been found to covary (Badr et al., 2015; Drabe et al., 2015; Hagedoorn, Sanderman, Coyne, Bolks, & Tuinstra, 2008; Haun et al., 2014; Milbury et al., 2012; Robbins et al., 2014) , making it particularly relevant to focus on the couple as the unit of analysis. Although the concept of dyadic adjustment has been described as psychosocial adjustment of the patient and spouse (Berg & Upchurch, 2007) , it has been operationalized in numerous ways (e.g., depressive symptoms, anxiety, psychological distress, mental health). The current study will measure dyadic adjustment with a global, well-established measure of mental health ( Figure 1) .
The current study is the first known study to simultaneously examine the roles of dyadic appraisal and dyadic coping on the mental health of couples with lung cancer. According to the developmental-contextual model, the concepts of dyadic appraisal and dyadic coping may play pivotal roles in determining couples who do well and those who do not. However, little research in lung cancer has taken a dyadic approach to the psychological adjustment of patients and their spouses. It is unknown if shared (congruent) symptom appraisals and more collaborative dyadic coping (i.e., low levels of protective buffering) will be associated with better adjustment (i.e., mental health) within couples, given the life-threatening nature of the illness and rapid trajectory. We hypothesize that patients and spouses will experience better mental health when the couple has lower symptom incongruence and lower levels of protective buffering by the patient, controlling for known contextual and developmental covariates, namely patient age (Ayotte, Yang, & Jones, 2010) , patient gender (Hagedoorn et al., 2008) , stage of disease, and relationship quality Carmack Taylor et al., 2008; Drabe et al., 2015; .
Method

Participants and Procedures
Current data are drawn from a larger, longitudinal study of symptom incongruence and mental health in lung cancer patients and their family members providing care Lyons, Lee, et al., 2014) . Data were collected separately from patient and family member at baseline, 3, 6, 9, and 12 months (follow-up interviews were brief and focused primarily on patient symptoms and function). The current study only involves baseline data for the subsample of 78 couples (patient and spouse/partner) due to the nature of the research question.
Patients were required to (a) have a primary diagnosis of invasive nonsmall cell lung cancer within the past 6 months, (b) be at least 18 years of age or older, (c) be able to speak English, and (d) have access to a telephone. Participants were recruited from a statewide cancer registry using rapid case ascertainment. Registry staff made initial contact with patients through a letter describing the study. Contact information of participants who mailed back a reply form was given to the study project director, who determined eligibility by telephone. Written informed consent and baseline interviews were conducted in person and separately for patients and their spouses. Further detail has been previously described (Lyons, Lee, et al., 2014) . Participants were compensated for the completion of each interview (US$10 per participant, per interview). The study was approved by the Institutional Review Board at Oregon Health & Science University.
Measures
Relationship quality. The Mutuality scale measures the positive aspects and interactive nature of relationship quality (Archbold, Stewart, Greenlick, & Harvath, 1990) . Patients and spouses responded to 15 items about their relationship with each other, using a Likert-type scale from 0 (not at all) to 4 (a great deal). High scores indicate higher levels of mutuality. The scale exhibited high Cronbach's alpha values (.91-.95) and strong construct validity (Archbold et al., 1990; Carter et al., 1998) . The scale demonstrated strong internal consistency in this study (patient: α = .89; spouse: α = .89).
Patient pain severity. Patient pain severity was measured using a 4-item subscale from the Brief Pain Inventory (BPI; Cleeland & Ryan, 1994) . Items rate the patient's pain over the last week on a 0 (no pain) to 10 (pain as bad as you can imagine) scale for pain at its worst, least, on average, and right now. Subscale scores are created by averaging items, with higher scores indicating higher levels of pain. High Cronbach's alpha values have been exhibited for the subscale (Keller et al., 2004) , including the current study (.90 for patient's self-report and .90 for spouse's proxy report).
Patient fatigue. Patient fatigue was measured using a 13-item Fatigue scale of the Functional Assessment in Chronic Illness Therapy (FACIT) measure (Yellen, Cella, Webster, Blendowski, & Kaplan, 1997) . The measure, developed for use in cancer patients, assesses self-reported tiredness, weakness, and difficulty conducting usual activities due to fatigue. Each item is rated on a 0 (not all) to 4 (very much) scale based on fatigue over the past week. All but two items are reverse coded, and then all items summed to create a scale score, with higher scores indicating less fatigue. The scale has demonstrated good construct validity (Yellen et al., 1997) . The scale demonstrated strong internal consistency in the current study for both patient self-report (α = .94) and spouse proxy report (α = .92).
Protective buffering. Patients rated the extent to which they engaged in eight behaviors (e.g., "Tried to keep your feelings or worries to yourself") using the Emotional-Intimacy Disruptive Behavior (EIDB) scale (Druley, Stephens, & Coyne, 1997) . Responses range from 1 (rarely or none of the time) to 4 (most or all of the time), with a scale range of 8 to 32. Higher scores indicate greater protective buffering. The EIDB scale demonstrated good internal consistency for this study (α = .83).
Mental health. Patient and spouse mental health was measured using the Mental Component Scale (MCS) of the SF-36 v.2 (Ware & Sherbourne, 1992) . The SF-36 was designed as a generic measure of health for use in general population surveys and is well established as a valid, reliable instrument that is sensitive to change over time (McHorney, Ware, Lu, & Sherbourne, 1994) . The SF-36 is composed of eight scales, each of which has two to 10 items. The MCS includes scales of vitality, social functioning, roleemotional, and mental health. The MCS has demonstrated strong internal consistency (Ware, Kosinski, & Keller, 1994) . Scores are transformed to 0 to 100, with higher scores indicating better health status. Cronbach's alphas for patients and spouses in the current study were .91 and .87, respectively.
Analysis Plan
Multilevel modeling was used to analyze data at the level of the dyad to control for interdependencies in the data (Barnett, Marshall, Raudenbush, & Brennan, 1993; Sayer & Klute, 2005) . The multivariate outcomes model estimates a latent score for each member of the couple (i.e., one for the patient and one for the spouse) controlling for the dependent nature of couple-level data and allows for the examination of both actor and cross-partner effects (Lyons, Sayer, Archbold, Hornbrook, & Stewart, 2007) . Dyadic models were tested using the hierarchical linear modeling software (HLM 7; Raudenbush, Bryk, & Congdon, 2004 ). The first model was an unconditional (i.e., no covariates included) model of mental health within couples. This Level 1 (within-couple) model represents the mental health scores (Y) for both patient and spouse as the sum of a latent true score (β 1 for the patient and β 2 for the spouse) plus a residual term r that captures measurement error and was specified as follows: γ 10 and γ 20 are the Level 2 intercepts, representing average values of mental health for patient and spouse, respectively, adjusted for the effects of the predictors in each equation. This model included developmental (i.e., patient age), contextual (i.e., patient gender, stage of disease, and relationship quality), dyadic appraisal (i.e., patient-spouse incongruence regarding the patient's pain severity and fatigue), and dyadic coping (i.e., patient protective buffering) as predictors of dyadic mental health.
Dyadic appraisal scores. Dyadic appraisal was operationalized as patientspouse incongruence, a second-order dyadic variable (Thompson & Walker, 1982) created from both patients' and spouses' appraisals of lung cancer symptoms (pain and fatigue). Two HLM univariate dyadic outcomes models were used to generate empirical Bayes estimates of patient-spouse incongruence (differences between patient and spouse) regarding patient pain severity and fatigue. This approach to estimating latent dyadic incongruence scores is considered the most comprehensive and appropriate technique, and has been described extensively (Cano et al., 2005; Lyons, Jones, Bennett, Hiatt, & Sayer, 2013; Reamy, Kim, Zarit, & Whitlatch, 2011; Sayer & Klute, 2005) . 
Results
Sample Descriptives
Mental Health
Results of the Level 1 (within-dyad) model (Table 2) showed that patients and spouses reported moderate levels of mental health. Similar to the raw Given the important role of protective buffering in patient mental health, additional descriptive analyses were conducted to shed light on factors associated with greater engagement in protective buffering. Protective buffering did not significantly differ by stage of disease, t(76) = 1.73, p > .05, nor was it significantly associated with patient age (r = .17, p > .05). However, it was significantly associated with higher levels of patient pain severity (r = .25, p < .05), patient fatigue (r = .37, p < .001), and relationship quality (r = −.31, p < .01; as reported by the patient).
Discussion
The current study is the first known study to simultaneously examine the roles of dyadic appraisal and a type of dyadic coping (i.e., patient protective buffering) on the mental health of lung cancer couples. Several findings are noteworthy. First, although both patients and spouses experienced moderate levels of mental health (Ware et al., 2007) , spouses experienced significantly worse mental health than patients. Second, both dyadic incongruence and the patient's protective buffering played important roles in predicting mental health, with incongruence being a significant predictor of spouse mental health and protective buffering a significant predictor of patient mental health. Finally, these effects remained when controlling for known developmental and contextual covariates.
Incongruence played an important role in spousal mental health, albeit in complex ways. Spouse mental health was worse when couples had disparate appraisals of the patient's fatigue but more similar appraisals of the patient's pain severity. The finding regarding fatigue is consistent with the developmental-contextual framework, which purports the beneficial role of shared appraisal of the illness context. However, the protective nature of shared appraisal did not extend to patient mental health. Moreover, the finding regarding patient pain severity underscores the complexity of how couples communicate and make sense of the illness context, particularly in life-threatening illnesses. For instance, it is possible that pain, particularly at higher levels, may be more visible or disease related for the spouse than fatigue (which can also be a side-effect of treatment and perceived as less threatening). Thus, a common shared perception of pain may imply disease severity or prognosis to the spouse, and consequently greater demands and worry about the patient. Clearly, the benefits of shared appraisal of patient symptoms lie in the greater ability of the couple to manage the illness together and optimize the patient's outcomes (Acitelli & Badr, 2005; Berg & Upchurch, 2007; Zhang & Siminoff, 2003) , but the interpretation and meaning given to those appraisals may lead to inconsistent influences on mental health. These findings reinforce the need to include dyadic appraisal variables (particularly second-order variables) and examine the complexity in what they are truly capturing. More work is needed to examine dyadic appraisals of the various aspects of the illness context and to replicate these findings in both life-threatening and chronic illness samples over time.
The level of protective buffering the patient was engaged in was the only significant predictor of patient mental health. Consistent with the developmental-contextual framework and previous research (Manne et al., 2015; Pasipanodya et al., 2012; Robbins et al., 2014) , patients who reported higher levels of protective buffering were significantly more likely to experience worse mental health. What is of note is that this was the only significant predictor of patient mental health and did not significantly predict spouse mental health. Thus, the nature of the concept to "protect" the spouse appears, in fact, to have little impact on the spouse's mental health (in light of other variables in the model) and has a detrimental effect on the patient engaged in the behavior. Given the life-threatening context of lung cancer, it may well be that patients were more likely to engage in protective buffering when they felt there was more to conceal. Although protective buffering did not significantly differ by stage of disease in the current sample, higher levels of protective buffering were significantly associated with higher levels of pain severity and fatigue (as reported by the patient).
The current study is limited in its ability to tease apart the motivations behind such protective buffering, but the developmental-contextual model suggests the importance of examining both the distal (e.g., culture, gender) and proximal (e.g., stage of disease, relationship quality) contexts surrounding the couple. Moreover, the model advocates a truly dyadic approach to understanding the level of coping and collaboration within the couple by examining both the patient's and spouse's engagement in protective buffering (the latter was not possible in the current study) and the couple's perception of their communication and coping. Indeed, research suggests that communication and disclosure may be beneficial only if the social context is viewed as supportive (Lepore, Ragan, & Jones, 2000) , as patients may avoid communication to avoid negative responses (Cordova, Cunningham, Carlson, & Andrykowski, 2001) . Couples where both patients and spouses engage in protective buffering may be most at risk for negative outcomes.
In addition, the current study included several important developmental and contextual covariates of couple mental health. Findings are consistent with previous research that has found younger spouses to be at greater risk than older spouses due to the non-normative, off-time, nature of the illness (Carter, Lyons, Stewart, Archbold, & Scobee, 2010; Harden, 2005) . In other words, the experience of a life-threatening illness is not an expected, normative developmental stage in the life span for younger couples.
The study has several limitations. First, the sample size is relatively small, limiting the number of variables included in the model. As the primary focus of the current study was to examine the roles of dyadic appraisal and dyadic coping on general mental health, covariates were limited to those factors most salient in previous research and aligned with the developmental-contextual framework. For example, time since diagnosis and spouse physical health were not included in the final model (results were unchanged when they were included). Second, due to the cross-sectional nature of some of the data presented we are unable to untangle associations over time, as put forth by the framework. Replication of results, particularly given the unexpected nature of some of our findings, is needed in larger, longitudinal samples of both life-threatening and chronic illness contexts. Third, the recruitment of our sample from a population-based cancer registry using rapid case ascertainment enabled us to reach patients within a few months of diagnosis (the majority within 4 months) and attain a robust proportion of patients in advanced stage of disease (36%). However, patient poor health was cited as a reason for refusal to participate, limiting our confidence to generalize to those patients experiencing significantly poor health soon after diagnosis. Finally, although protective buffering is a form of dyadic coping in the developmental-contextual model, the current study was unable to examine the role of spouse protective buffering, nor other forms of dyadic coping. Future research is needed to comprehensively assess various forms of dyadic coping from both patient and spouse perspectives to more fully appreciate how couples manage and navigate illness experiences in ways that are optimal to the health and well-being of both members.
Despite these limitations, we believe the study has several notable strengths and implications for research and practice. First, the study used appropriate dyadic methodology to be the first to simultaneously examine the roles of dyadic appraisal and a type of dyadic coping in couples with lung cancer, controlling for important covariates, particularly perceptions of the quality of the relationship. We believe this approach greatly strengthens our findings. Second, we believe our use of second-order (Thompson & Walker, 1982 ) latent variables to capture dyadic appraisals of the illness context is a significant advantage over previous research. Our findings underscore the benefit of operationalizing dyadic appraisal in terms of symptom incongruence, albeit by no means the only way to capture the dyad's appraisal of the illness context. Research has consistently shown that couples who view the illness experience as an interdependent team (embracing a "we-ness" approach to the experience) tend to develop more positive health-related behaviors and experience more positive outcomes (Acitelli & Badr, 2005; Hooker, Grigsby, Riegel, & Bekelman, 2015; Rottmann et al., 2015) . Indeed, recent research in heart failure has found care dyads with high levels of collaboration and shared appraisal to experience low levels of caregiver strain, despite severity of the patient's illness (Lee et al., 2015) . Finally, by testing components of the developmental-contextual model, we believe our findings also contribute to our theoretical understanding of dyadic adjustment in lung cancer couples and the sometimes complex roles of dyadic appraisal and dyadic coping strategies within a life-threatening context.
Together, the findings of the current study support and emphasize the growing need for a dyadic and family perspective of the illness context, particularly in the practice setting. Viewing the couple as a unit, rather than separate individuals, raises awareness in healthcare providers about the potential vulnerability of couples who are disparate in their appraisals or struggling in their ability to collaborate. Nurses are particularly well situated to broach and facilitate therapeutic conversations with the couple around challenging topics and to provide the couple with ways to minimize the fear and worry that can often impede open communication and mutual disclosure, and to guide the couple through the trajectory of changing illness beliefs (Bell & Wright, 2015; Östlund & Persson, 2014; Wright & Leahey, 2013) . Promoting a teambased, "ours" versus "mine" approach to the illness and collaborative management strategies may be particularly beneficial.
This study is one of the first known to test the major elements of the developmental-contextual framework in lung cancer couples, highlighting areas where further work may be needed regarding the importance of meaning and interpretation of shared appraisals across various illnesses, and ways various shared appraisals may influence dyadic coping strategies by both members of the couple. The study reinforces the need to focus on the couple as a unit as has been noted by several nurse researchers (Li & Loke, 2014; Northouse, 2012) , to incorporate routine screening of spouse mental health in addition to the currently mandated screening of cancer patient's mental health per the American College of Surgeons Commission on Cancer, to solicit the perceptions of both members of the couple, and to continue to pursue interventions that facilitate more collaborative, open communication and support within the couple in ways that are adaptive to both patient and spouse.
